Arachidonic acid increases choline acetyltransferase activity in spinal cord neurons through a protein kinase C-mediated mechanism.
Arachidonic acid (AA) plays an important role as a signaling factor in the CNS. Therefore, exposure to AA may affect cholinergic neurons in the spinal cord. To test this hypothesis, mRNA expression and activity of choline acetyltransferase (ChAT) was measured in cultured spinal cord neurons treated with increasing concentrations (0.1-10 microm) of AA. Exposure to AA increased mRNA levels and activity of ChAT in dose- and time-dependent manners. The most marked effect of AA on ChAT expression was observed in spinal cord neurons treated with 10 microm AA for 1 h. To study the mechanisms associated with these effects, ChAT mRNA levels and activity were measured in cultured spinal cord neurons exposed to AA and inhibitors of protein kinase C (PKC), such as 1-(5-isoquinolinesulfonyl)-2-methylpiperazine dichloride (H-7) and chelerythrine. Inhibition of PKC completely prevented an AA-induced increase in ChAT expression. In addition, exposure of spinal cord neurons to phorbol-12-myristate-13-acetate (PMA), an activator of PKC, mimicked AA-induced stimulation of ChAT activity. The AA-mediated increase in ChAT mRNA levels and activity was also prevented by treatments with EGTA, indicating the role of calcium metabolism in induction of this enzyme. In contrast, treatments with 7-nitroindazole (7-NI, a specific inhibitor of neuronal nitric oxide synthase), sodium vanadate (NaV, a non-specific inhibitor of phosphatases), and N-acetyl-cysteine (NAC, an antioxidant) had no effect on AA-induced changes in ChAT activity. The protein synthesis inhibitor cycloheximide completely blocked AA-mediated increase in ChAT activity. These results indicate that the AA-evoked increase in ChAT activity in spinal cord neurons is mediated by PKC, presumably at the transcriptional level.